In the recent past, we introduced a natural mechanism (stochastic) in the literature to explain the image formation on the Linen of Turin by taking into account the yellowed linen fibrils distribution of the Shroud. In our opinion, a weak energy source like the thermal radiation produced by the enveloped corpse yielded on the linen a latent image, ruled by a stochastic process, and made by small bundles of yellowed fibrils. The image on the Shroud is unique and it appeared later than the blood image with its 2D and 3D characteristics. Moreover, a correlation between the density of yellowed fibrils and the cloth-body distance is present, again proving the action of a stochastic process. In this paper, we would like to discuss, step by step, the whole natural process that occurred in the formation of the Shroud body image. In every case, to confirm our hypothesis of Shroud body image formation, it is necessary to perform experimental investigations in the Forensic Medicine area.
Introduction
In Turin Cathedral, there is an old rectangular piece of unbleached linen (441 cm × 113 cm) known as the "Shroud of Turin". This ancient cloth (with a history confirmed from the14th Century, when it was in the possession of Geoffrey de Charney in Lirey, France) bears the frontal and dorsal image of a man scourged and crucified. In fact, placed in appropriate areas of the body image, there are bloodstains. Moreover, the linen cloth shows burned and scorched areas, several stains called "water marks", and holes where a fire has burnt through the material.
Many people venerate this cloth as the burial one of Jesus of the Gospels. Others denounce it as a Medieval forgery. In 1452, the above cloth was ceded to duke Ludwig I of Savoy who, in 1502, placed it in the "Sainte Chapelle" of Chambery. Here, in 1532, a fire caused the above cited scorched and burned areas. In 1983, Humbert II of Savoy gave the Shroud to the Roman Catholic Church.
The STURP (The Shroud of Turin Research Project) team in its conclusions has written: " . . . the Shroud image is that of a real human form of a scourged, crucified man. It is not the product of an artist". Besides, the image on the Shroud seems to be "latent" (Pellicori-Evans) . In fact, the fibrils extracted from the bloodstains and serum, that were arranged as occurs for a cloth used to envelope a wounded human body, when clean of the proteins, appeared as a white color, not yellow. Therefore, the bloodstains were on the linen before the body image formation. Moreover, because of the serum permeability to the light, it is possible to observe a hint of the absence of the image below the yellowed linen (Miller-Pellicori).
A few years ago, analyzing the uneven superficial distribution of the yellowed fibrils on the Shroud body image region, we thought about an interaction between the corpse that emits and the linen cloth that absorbs, deducing that [1]:
1.
The probability of a fibril yellowing is a function of the energy; 2.
The optical density of the fibrils is not a function of the energy.
In fact, in the areas of cloth-body contact, the number of yellowed fibrils per unit of surface (yellowed fibrils density or image intensity) is high. Additionally, the density of the yellowed fibrils linearly decreases as the distance between the cloth and the body increases. When the cloth-body distance is R 0 = 37 mm (valid only for the frontal image), the number of yellowed fibrils for unit area drops to zero. This means that in the Linen of Turin, there exists a correlation between the yellowed fibrils' density and the cloth-body distance [2] . The best function representing this correlation is a straight line. However, in scientific literature, a different correlation function with an exponential trend was proposed [3] . We do not agree with this last result because if it was true, the off-image area would also appear with yellowed fibrils, while we observe that this does not happen. The optical density of these fibrils is constant, in all the regions where the body image lies, with some variations due to the natural differences in the linen threads and/or in the manufacturing procedure [4] .
We do not consider the dorsal image because the expected cloth-body distance is very small for the compression of the body on the cloth. Therefore, it is very difficult to measure and correlate the pairs' image intensity values and such distances for a fitting procedure. However, for the dorsal image, we can write: (1) the chemical modifications are the same as the ones present in the frontal image; (2) the thickness of the yellowed fibrils forming the images is the same in both the frontal and dorsal image; and (3) in the cloth-body contact areas, the intensity of the image is about the same in both images [2] .
In this paper, we want to discuss the source triggering the process of formation, the above mechanism, and the presence of yellowed fibrils yielding the body image with its characteristics and uniqueness. In the synthesis, we want to highlight the various steps of the Shroud body image formation through a natural process.
Thermal Energy Source
We have always thought that the Shroud body image has been yielded by the action of a stochastic process evident when the available energy is very small and it is only not present if the absorbed energy is zero. In the case of our concern, we have considered a non-stationary heat transfer, naturally emitted by the enveloped corpse in the Linen of Turin.
Part of this energy is emitted per unit of body surface and time (R = ε·σ·T 4 ) by the irradiation process. This contribution is small because the emissivity power of the human skin ε is about 0.95 and the Stefan-Boltzmann constant σ is very small (5.67·10 −8 ·w·m −2 ·K −4 ), as it is necessary to trigger a stochastic process.
The expression of the speed of energy transfer through the S surface (dQ/dt = -c·S·dT/dz), which represents the heat transfer by conduction, shows a temperature gradient that is very high because the thermal conductivity c of the linen is very low (5·10 −4 ·cal·cm −1 ·s −1 ·K −1 ), in line with the thickness of the body image that is about two or three fibrils (20-30 microns [5] ).
Finally, the expression of the heat transfer by convection (contributed by areas where cloth and body are not in contact) is known as the Newton law of cooling dQ/dt = h c,mean ·A·(T corpse − T air ), where h c,mean represents the mean convective coefficient of thermal exchange. This last parameter is very difficult to calculate because it is dependent on many parameters, such as viscosity, density, thermal conductivity, and specific heat (characteristics of the fluid and temperature dependent). It also depends on the geometry and velocity of the fluid (laminar motion or turbulent motion, by the knowledge of the Reynolds number). Consequently, we estimated, in a crude manner, the Nusselt number representing the ratio between the heat flux by convection and the one by conduction.
We obtained values ranging between 5 and 30, in agreement with a strong presence of flux by convection with respect to the one by conduction. However, because the depth of the body image is independent from the cloth-body distance, we could deduce that in the areas without contact, the heat transfer by convection with a small amount of heat transfer by conduction yielded the same effects of only conduction in the contact zones.
Mechanism of the Shroud Body Image Formation
In this chapter, for a better comprehension of the mechanism of the Shroud body image formation, we propose a parallel between people exposed to a low radiation dose and linen fibrils of the Shroud. The effects of radiation on the exposed population are stochastic, with the following characteristics:
a threshold-dose does not exist; 2.
the effects are only absent when the absorbed dose is equal to zero; 3.
the effects have a probabilistic nature; 4.
the frequency of appearance increases with the dose; 5.
the effects appear years or decades later; 6.
the seriousness of the above effects does not increase with the dose; 7.
these effects are indistinguishable from the ones induced by other causes.
Moreover, the stochastic effects on the irradiated population show a correlation between the number of sick people E and the absorbed dose D. This function is a straight-line and in the (E, D) plane, passes through the origin. The above affirmations are demonstrated by radiologic experiments and by the epidemiological evidence [6, 7] .
In our proposed parallel, the yellowed fibrils of the Linen of Turin are distributed with the same trend as that of the dead persons (years or decades after the radiation exposition) in an irradiated population with a low absorbed dose. This result has been obtained by the comparison between many hundreds of thousands of irradiated persons [6, 7] and the approximately 3 × 10 7 fibrils (yellowed and with background color) in the image area. Indeed, in the Shroud fabric, we can hypothesize 2000-2200 fibrils/cm 2 [8] [9] [10] . So, by considering both the linen and the body image dimensions, we roughly obtain the above number.
In fact, in our parallel, the persons who are not sick correspond to the fibrils not yellowed. After radiation exposition, years or decades later, part of population dies from cancer, while some of the fibrils become yellow. In both cases, there are chemical changes. Consequently, in the presence of the stochastic process that we have described, it is natural to put persons and fibrils, sick persons and yellowed fibrils, and also ionizing radiation dose and absorbed thermal energy in parallel. This parallel helps, in our opinion, to understand the stochastic process behind the Shroud body formation.
As written in the introduction, the yellowed fibrils' distribution on the Shroud is the result of the action of a stochastic process. Indeed, the characteristics of the above distribution are in line with the (i) and (ii) items [1, 11, 12] . Moreover, to confirm this action, there is a correlation between the density of the above fibrils and the cloth-body distance. This function is represented by a linear regression. The result, on the Linen of Turin, appears with the fibrils grouped in small bundles near areas with background color. This complex distribution of yellowed fibrils, yielding the body image, can be observed (see Figure 1 ) in the micro-photographs taken in 1978 by Evans [13, 14] .
It is known that a stochastic process produces visible effects after years or decades. Therefore, this could have been the case for the Shroud 'latent' body image [1, 11] . The 2D (image in reversed color with left and right exchanged) and 3D (image with cloth-body distance information, codified in the light and dark areas distribution, allowing a reconstruction, in relief, with weak distortions) characteristics of the image on the Linen of Turin are well-explained by the process of our concern [11] . It is known that a stochastic process produces visible effects after years or decades. Therefore, this could have been the case for the Shroud 'latent' body image [1, 11] . The 2D (image in reversed color with left and right exchanged) and 3D (image with cloth-body distance information, codified in the light and dark areas distribution, allowing a reconstruction, in relief, with weak distortions) characteristics of the image on the Linen of Turin are well-explained by the process of our concern [11] .
Besides, in the case of the enveloped corpse in the Linen of Turin, to obtain the result by the action of a stochastic process, it is necessary to remove the body from the Shroud before the emission of the first amines [15] . Indeed, with this hypothesis, the above emitted gases cannot have interactions with the fabric or, eventually, with the chemical substances that, in precedence, could have been distributed on it. In a recent article, some forensic experts [16] have shown how difficult it would be to get an image with details visible in the Shroud body image. Only if the corpse, from the beginning of the first amines emission, has been removed from the Linen of Turin, will we be able to justify the uniqueness of the Shroud body image.
The uneven superficial distribution of the yellowed fibrils on the Shroud yields an image with a density that is a function of the cloth-body distance. This distribution is the result of the energy transfer during the interaction between the emitting corpse and the absorbing linen. So, in the contact area, where the energy transfer between the corpse and the linen fabric is at the maximum, many fibrils (all in the same manner) increased their optical density. Differently, in the areas where the cloth-body distance is different from zero, the absorbed energy is smaller and the fibrils reaching the above optical density are less numerous.
Conclusion
The Shroud of Turin, due to its uniqueness and its connection with religion, has attracted the interest of large and different scientific and non-scientific communities. Some people believe that the Shroud is a Medieval forgery and have tried to demonstrate this hypothesis with experiments in the laboratory, whilst others believe that the Shroud is the product of a miraculous event. We propose, in the present paper and in our previous publications, a natural mechanism to explain the Shroud body image formation: the yellowed fibrils yielding the image show a probabilistic distribution that can be described with a mathematical expression: P(z) = Pmax·(1 -z/R0), where P(z) is the probability to yellow a fibril at the z cloth-body distance, Pmax is the maximum probability (measurable in the areas with z = 0), and R0 (37 mm, only for the frontal image) is the z value that makes P(R0) = 0 [17] .
The process that yielded the latent image on the Linen of Turin, made of small bundles of yellowed fibrils, is, in our opinion, natural: the weak body-linen cloth transmission of thermal energy occurred through all the three heat transfer mechanisms. Indeed, the conduction, convection, and irradiation have contributed, yielding an uneven superficial distribution of yellowed fibrils.
In every case, this process must be verified by experiments in the Forensic Medicine area by taking into account the long latency time of the image formation (years or decades).
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